Lack of improved varieties and production practices have been the major bottlenecks of onion production and productivity in Tigray, particularly at Aksum area. There have been no recommended intra-row spacing and variety for that area specifically; rather farmers used to practice non-uniform plant spacing. Thus, a field experiment was conducted to investigate the influence of intra-row spacing, variety and their interactions on yield, shelf life and bulb quality of onion, thereby recommend the optimum practices to farmers in the study area. The study was conducted between August 2010 and April 2011 at Aksum area (L/maichew district). Three different intra-row spacings (5, 7.5 and 10 cm) were evaluated using four varieties of onion ('Adama' Red, 'Bombay' Red, 'Melkam' and 'Nasik' Red) using RCBD replicated four times. Data on yield and quality parameters were recorded and subjected to ANOVA. Results indicate that intra-row spacing of 10 cm was superior in plant height, leaf number per plant, leaf biomass yield, leaf dry matter content and percentage of bolters. Highest total bulb yield was recorded at the closest intra-row spacing (5 cm) followed by 7.5 cm. 'Melkam' variety was the highest yielder, while 'Adama' Red was the lowest yielder. Average bulb weight increased with increasing intra row spacing. 'Melkam' variety followed by 'Bombay' Red variety was superior in average bulb weight. 'Adama' Red recorded the highest unmarketable yield.
INTRODUCTION
Onion (Allium cepa L.) belongs to the genus Allium of the family Alliaceae (Hanelt, 1990) . Onion is by far the most important of the bulb crops cultivated commercially in most parts of the world. The crop is grown for consumption both in the green state as well as in mature bulbs. Onions exhibit particular diversity in the eastern Mediterranean countries, through Turkmenistan, Tajikistan to Pakistan and India, which are the most important sources of genetic diversity and believed to be center of origin (Astley et al., 1982; Brewster, 2008) . Alliums are typically plants of open, sunny, dry sites in fairly arid climates, however many species are also found in the steppes, dry mountain slopes, rocky or stony open sites, or summer dry, open, scrubby vegetation (Hanelt, 1990) .
Onion is considerably important in the daily Ethiopian diet, mostly used as seasonings or as vegetables in stews (MoARD, 2009) . It is one of the richest sources of flavonoids in the human diet and flavonoid consumption has been associated with a reduced risk of cancer, heart disease and diabetes. In addition it is known for anti bacterial, antiviral, anti-allergenic and anti-inflammatory potential. One onion quality parameter, the percentage of single-center bulbs, has become important to meet demands of both processing and fresh market buyers (Brewster and Rabinowitch, 1990) .
Yield and quality of dry bulbs can be influenced by cultural practices and growing environments. So far, research in the country was mainly focused on the identification of superior cultivars of onions and adopting improved management practices for better yield. The control of plant spacing is one of the cultural practices to control bulb size, shape and yield (Geremew et al., 2010) .
The higher yield and better control of over or under bulb size could be obtained if plants are grown at optimum density. Bulb neck diameter, mean bulb weight and plant height decreased as population density increased. Total bulb yield can be increased as population density increases (Kantona et al., 2003) . Aksum-Adwa area is one of the potential areas for onion production in Ethiopia (EHDA, 2011) . Market problem and poor cropping pattern are major problems in the study areas due to lack of proper agronomic practice used by farmers (AxARC, 2009) . This is because there had been no agronomic or varietal trial done for onion so far at the area especially oriented to quality bulb production.
According to Fekadu and Dandena (2006) , one of the major constraints of the vegetable sector in the country include: Lack of proper post harvest handling, suitable marketing and transportation systems, sufficient quantity of seed supply and good orientation of people to make them aware of the nutritive and economic advantages of these crops.
The present study was therefore undertaken to investigate the effects of different intra-row spacing on the yield and quality of onion varieties.
MATERIALS AND METHODS

Description of the study site
The study was conducted in 2010/11 from August 2010 to April 2011 at Aksum area (L/maichew district), Central Zone of Tigray National Regional State, 245 km away from Mekelle towards the North West. The experimental site lies between latitude of 14° 07' 00" and 14° 09' 20" N, and 38° 38' 00" and 38° 49' 09" E longitude, and elevation of 2080 m above sea level. The soil is classified as loamy clay vertisol. The rainy season of the area is monomial and receives 700 mm average rainfall per annum. The annual minimum and maximum monthly temperature ranges from 11 to 15.1°C respectively.
Experimental treatment and design
The experiment consisted of factorial combination of two factors of: intra-row spacing (5, 7.5 and 10 cm) having plant population of 100, 75 and 50 per m 2 respectively and variety (Adama Red, Bombay Red, Melkam and Nasik Red). The row spacing was 20 cm. The field experiment was laid out in 3 x 4 factorial randomized complete block design (RCBD) replicated four times.
Experimental management
Cultural management practices other than intra-row spacing were done according to the national recommendations. During maturity when 2/3 of the leaves become yellow in color, bulb was harvested and cured for 5 days (EIAR, 2007) . Five sample bulbs were taken from each plot for data collection at one time.
Data collection and analysis
Data were collected using the standard procedures described by IPGRI (2001) . Total bulb yield, unmarketable bulb yield (UMY), marketable bulb yield (MBY), size category of bulbs (%), average bulb weight (ABW), bulb length (BL), bulb diameter (BD), neck diameter (ND), bulb dry matter content and total soluble solids (%) were measured and the mean values subjected to the Analysis of Variance (ANOVA) using SAS version 9.2 Computer software (SAS Institute Inc., 2008) . Whenever the treatment was significant, least significance differences (LSD) was used for mean separation at p=0.05.
RESULTS AND DISCUSSION
Total bulb yield (t/ha)
Results indicated that there was no significant interaction effect between the intra-row and variety, while main effects of intra-row spacing (p<0.0001) and varieties (p<0.01) significantly influenced total bulb yield of onion. As intra-row spacing increased from 5 to 10 cm, total bulb yield in tons/hectare decreased. Significantly, the highest total bulb yields of 36.14 and 33.82 t/ha were recorded at 5 and 7.5 cm intra-row spacing, respectively. An intra-row spacing of 10 cm showed the lowest total bulb yield (28.51 t/ha) ( Table 1 ). This is due to the reality that as intra-row spacing decreases, total plant population increases and this in turn contributes to increase in total bulb yield, but the bulb dimension and weight decrease. The current result is in agreement with works of different authors. Jan et al. (2003) recorded the highest yield (40.44 t/ha) at spacing of 17 x 4.5 cm, and the lowest yield (19.95 t/ha) at 27 x 14.5 cm spacing. Hassan (1978) , Mohamedali (1988) and Russo (2008) also found similar results. Rekowska and Skupien (2007) also reported significantly higher yield of bulbs and green leaves of garlic in closer intra-row spacing.
Moreover, Kantona et al. (2003) noticed that onion yield increased from 17.4 to 39.5 t/ha as plant population per square meter increased from 50 to 150. Carlson et al. (2009) reported influence of plant density on the yield of two potato varieties, in which both varieties produced highest total yields at the closest plant spacing of 17.75 cm. Hemphill (1987) also reported that a fourfold increase in planting density doubled the yield of shallot. The author further stated that yield per unit area did not increase proportionally to the increase in planting density since bulb weight per plant decreased at higher densities, but low planting density and small planting stock size favored production of large bulbs required for some markets, but with greatly reduced total yield. Results also indicated that 'Melkam' and 'Bombay' Red varieties had the highest total bulb yield (35.20 and34.68 t/ha), but 'Bombay' Red fell into the second group with Nasik' Red (31.57 t/ha), besides the second group Nasik' Red also fell into the lowest group with 'Adama' Red (Table 1) . Significantly, the least total bulb yield (29.86 and 31.57 t/ha) was recorded for 'Adama' Red but statistically similar with Nasik' Red. The present finding is supported by different investigations previously done. Jilani and Ghaffoor (2003) and Jilani et al. (2009) suggested that varieties could have different yield potential in different agro-ecologies due to their genetic potential and genetic environment interaction effect.
Marketable bulb yield
A highly significant (p<0.001) differences were observed among the levels of intra-row spacing and onion varieties on the marketable bulb yield (t/ha). As intra-row spacing increased from 5 to 10 cm, marketable bulb yield in tons/hectare decreased from 34.49 to 28.10. Among the intra-row spacing, a statistically similar result was obtained from 5 and 7.5 cm intra-row spacing, which scored the highest marketable yield in tons per hectare, 34.49 and 32.97, respectively (Table 1) . Intra-row spacing of 10 cm showed the lowest (28.1 t/ha). Generally, a trend of increasing gross marketable yield together with plant density was observed. Plant density has an impact on marketable bulb size and the higher the plant density the smaller the marketable size (Seck and Baldeh, 2009 ). Kantona et al. (2003) also reported that as plant density increased number of marketable bulbs increased significantly.
The highest marketable bulb yield (34.36 t/ha) was recorded by 'Melkam' Variety. However, it was not significantly different from 'Bombay' Red variety. The lowest marketable yield (28.45 t/ha) was recorded on 'Adama' Red variety, but not significantly different from 'Nasik' Red (Table 1 ). In agreement with the present results, Jilani et al. (2009) reported similar observation. A cultivar performs differently under different agro-climatic conditions and various cultivars of the same species grown even at the same environment often yield differently. Thus, performance of a cultivar mainly depends on the interaction of genetic makeup and environment (Jilani and Ghaffoor, 2003) .
Average bulb weight (g)
Main effects of intra-row spacing and variety highly significantly (p<0.0001) influenced average bulb weight, but the interaction was not statistically significant. As intra-row spacing increased from 5 to 10 cm, average bulb weight increased from 49.86 to 81.31 g ( Table 1 ). The results are in line with the findings of Rashid and Rashid (1978) who noticed that onion bulb size and weight increases with increasing inter, and intra-row spacing, but recorded lower total bulb yield that increases with closer spacing. Densely populated plants produced lower bulb weight as compared to thinly populated plants. Increasing plant spacing resulted in heavier onion bulbs (Jilani et al., 2009) . Mean bulb weight and plant height decreased as population density increased (Mohamedali, 1988) . Jan et al. (2003) also found minimum bulb weight at narrower spacing (17 x 4.5 cm).
In the same way, Kantona et al. (2003) reported a decrease in bulb weight as the plant population per square meter increased from 50 to 200 plants likely due to competition associated with closely spaced plants that resulted in lower bulb weight per plant. Abubaker (2008) also reported that the highest yield per plant of bean was obtained from 20 x 30 and 30 x 30 cm planting densities as compared to higher planting densities of 10 x 30 cm. When onions are planted at wider spacing, the emerged shoots get a better microenvironment that resulted in healthy and larger bulbs and high bulb weight per plant. Moreover, better air circulation reduces disease occurrence, which contributes to higher yield per plant. Palada and Crossman (1998) also reported an increase in okra fresh weight per plant from 38 to 70 g with the increase in plant spacing from 31 to 41 cm due to increase in the number of stem and wider leaf area per plant at wider spacing.
'Melkam' variety showed significantly high average bulb weight (75.77 g). The lest value was observed on 'Adama' Red (63.74 g), it was not significantly different from 'Nasik' Red (63.74 g) ( Table 1 ). The lowest average bulb weight (61.03 g) was recorded by 'Adama' Red variety. Difference in average bulb weight within varieties was due to their genetic variability. This finding is in concurrence with the findings of Jilani and Ghaffoor (2003) and Jilani et al. (2009) who reported the variation among onion cultivars in average bulb weight. Kimani et al. (1993) also reported significant bulb weight variation among eight onion cultivars. According the EARO (2004) , 'Melkam' variety is characterized by large bulb weight.
Unmarketable bulb yield
The main effect of intra-row spacing, variety and their interaction on unmarketable bulb yield (t/ha) and percenttage of unmarketable bulb yield from the total bulb yield showed highly significant (p<0.01) difference. The highest unmarketable bulb yield was produced, by the treatment combination of 5 cm intra-row spacing and 'Adama' Red (2.67 t/ha) followed by treatment combi-nation of 5 cm intra-row spacing and 'Nasik' Red (Table 2) . High unmarketable yield in closely spaced plants could be due to inter-plant competition resulting in a fewer large sized bulbs than wider spacing that nega-tively affected the marketable yield and favored the pro-duction of small sized bulbs which are unmarketable. This finding is in agreement with other related reports. Seck and Baldeh (2009) concluded that plant density has an impact on marketable bulb size.
The result further revealed that 'Adama' Red and 'Nasik' Red varieties are relatively less tolerant to narrower intra-row spacing in the study area. In support of the present result, some authors (Rumpel and Felczynski, 1997; Russo, 2008; Jilani et al., 2009; Geremew et al., 2010 ) also reported similar results that marketable bulb yield and unmarketable bulb yield could be affected by both varietal differences and plant density.
Bulb yield of different size category
Small size bulbs (%)
Highly significant difference was observed for the main (Table 3) . It is factual that yield of small bulbs increases with density opposite to the yield of large bulbs, which can be highest at lowest density (Rumpel and Felczynski, 2000) . Castellanos et al. (2004) cited in Broome (2009) also reported that super garlic cloves were largest at less dense plantings, while yield of smaller cloves (40 to 45 mm) increased at a higher density. Brewster and Rabinowitch (1990) found that high plant-population density (170 plants/m 2 ), percentage of small bulbs was higher and rates of double bulbs were lower than at low plant density (90 plants/m 2 ).
Medium size bulbs (%)
The interaction effect of intra-row spacing and variety on percentage of medium size bulbs yield showed statistically significant difference (p<0.05). Although, the main effect of variety and intra-row spacing did not show statistically significant difference. The highest medium size bulbs percentage (80.51 80.514) was recorded at a combi-nation of 5 cm intra-row spacing and 'Nasik' Red variety. However, it was not significantly different from 'Melkam' (77.02), 'Bombay' Red (75.94) at 5 cm intra-row spacing, and also 'Bombay' Red (75.87) and 'Adama' Red (75.73) at intra-row spacing of 7.5 cm, and 'Adama' Red (75.96) at 10 cm intra-row spacing.
The lowest medium size bulb percentage was observed at the combination of 10 cm intra-row spacing with 'Melkam' (67.9). However, it was statistically on par with 'Adama' Red (69.98) at intra-row spacing of 5 cm, 'Bombay' Red (71.9) at intra-row spacing of 10 cm, 'Melkam' (70.33) and 'Nasik' Red (72.94) at intra-row spacing of 7.5 cm (Table 3) . Nasir et al. (2007) reported maximum weight of medium bulbs (958.50 g/plot) produced at higher planting density of 80 plants/m 2 and there was parietal difference.
Large size bulbs (%)
The interaction effect of intra-row spacing and variety did not show statistically significant difference, while the main effect of intra-row spacing and variety on percentage of large size bulbs yield showed statistically very high significant (p<0.0001) difference. There was statistically significant difference among all spacing levels.
As the intra-row spacing increased from 5 to 10 cm, the percentage of large size bulbs increased from 9.3 to 20.3 (Figure 1 ). Likewise, Jilani et al. (2009) reported significant variations for different plant spacing, as the widest spacing showed its superiority over all the other spacing.
Among the varieties, it was revealed that 'Melkam' recorded significantly the highest large size bulbs (20.71), followed by 'Bombay' Red variety. The lowest percentage of large size bulbs was recorded by 'Nasik' Red (11.1) and 'Adama' Red (11.5) (Figure 1 ). In agreement with this finding, Mallor et al. (2011) reported the difference among onion lines on average bulb size ranging from 150 to 190 g.
Bulb length (cm)
Results (Table 4) spacing and variety interaction did not show statistically significant difference, while the intra-row spacing and varieties affected the bulb length of onion significantly (p<0.001). The highest bulb length (4.54 cm) was recorded at the intra-row spacing (10 cm) and intra-row spacing of 7.5 cm (4.43). The narrowest intra-row spacing (5 cm) showed the lowest (4.11 cm) bulb length. As intra-row spacing increased from 5 to 10 cm, bulb length increased from 4.1 to 4.6 cm. The present result is in agreement with those reported by Kantona et al. (2003) . Hyder et al. (2007) and Hosmani et al. (2010) also elaborated that there is strong association of bulb length with bulb diameter, and plant height, which were increased as intra-spacing increased. Significantly highest bulb length (4.51 cm) was obtained from 'Melkam' variety. However, it was not statistically different from 'Adama' Red variety (4.44 cm) (Table 4 ). In contrast,' Bombay' Red variety recorded the lowest (4.18 cm), but it was on par with 'Nasik ' Red variety (4.33) . This is due to the reality that varieties can have different characteristics like bulb shape and color as suggested by Lemma (2004) . Jilani et al. (2009) also found difference among cultivars in bulb length due to genetic inheritance.
Bulb diameter (cm)
There was no statistically significant difference of interaction of variety and intra-row spacing on bulb neck diameter. Meanwhile, the main effect of intra-row spacing showed statistically very highly significant (p<0.0001) difference in bulb diameter. Intra-row spacing of 10 cm showed the highest bulb diameter (5.63 cm), followed by 7.5 (5.23 cm) and 5 cm (4.66 cm) intra-row spacing (Table 4 ). The increase in bulb diameter at wider intrarow spacing could be probably attributed to more nutrients space and moisture availability. Bulb diameter contributes significantly to yield component of a crop (Cheema et al., 2003; Jilani and Ghaffoor, 2003) . The present findings are in line with those reported by Rashid and Rashid (1978) , Quadir and Boulton (2000) , Jan et al. (2003) , Kantona et al. (2003) , Akoun (2005) , Hyder et al. (2007) and Jilani et al. (2009) . Mohammedali (1988) also reported wider intra-row spacing gave larger bulbs of onion. Tendaj (2005) reported an increase in intra-row spacing of shallot from 5 to 20 cm, resulting in increment of percent share of bulbs having greater than 25 mm diameter from 13.70 to 47.20%.
Bulb neck diameter (cm)
Thickness of neck is an important parameter that determines the storability qualities of onion varieties. The results indicated that the main effect of both intra-row spacing and variety on bulb neck diameter (cm) showed significant (p<0.001) difference; the interaction had no significant effect on bulb neck diameter. The highest bulb neck diameter (1.74 cm) was observed at the intra-row spacing of 10 cm (Table 4 ). The least bulb neck diameter (1.48 and 1.57 cm) was recorded at intra-row spacing of 5 and at 7.5 cm intra-row spacing, respectively. The current finding complies with the work of Brewster and Rabinowitch (1990) . In agreement with this result, Jilani and Ghaffoor (2003) , Kantona et al. (2003) , Jilani et al. (2009) and Khalid (2009) reported similar results.
'Melkam' showed significantly the highest bulb neck diameter (1.77 cm), while there was similar results in the rest varieties (Table 4) . The presence of variation in bulb neck diameter among onion cultivars is also reported by Mar (1994), Kalb (2001) , Jilani and Ghaffoor (2003) and Jilani et al. (2009) . According to Currah and Proctor (1990) , thick neck in onion is caused by the onion growth actively in that the neck did not become dormant and resulted to undifferentiated scales with high thickness at wider inter plant spacing. This indicated that thick neck in onion causes delay in bulbing and has a negative impact on bulb yield, especially when water stress might be encountered lately. Other workers such as Brewster and Rabinowitch (1990) as well as Lemma and Shimeles (2003) explained that the cause of thick neck in onion is generally due to defective nutrition prolonged cool time and lack of interplant competition in addition to genetic inheritance.
Bulb dry matter content (%)
Intra-row spacing effect and interaction effect did not show significant difference. However, varieties had significant (p<0.01) effect on bulb dry matter content. In conformity with this result, Mohamodali (1988) and Abubaker (2008) reported that different in-row spacing seems to have no effect on the dry matter content. The lowest percentage of dry matter content (10.6) was recorded by 'Bombay' Red variety, while there is statistically high and similar results shown on the other three varieties (Figure 2 ). The result is consistent with the findings of Islam et al. (2007) , Magdi et al. (2009), Mousa and who reported significant difference among onion genotypes in dry matter content. Varieties known as 'storage onions' have high dry matter content (15 to 20%) and relatively high amounts of fructans, but have lower levels of reducing sugars, besides relatively high rates of organosulfur compounds (Mallor et al., 2011) . Kimani et al. (1993) additionally reported a dry matter content variation from low levels of 7 to 10% to high levels of 15 to 20% in onion varieties. The authors suggested that onions with high dry matter are preferred for processing. They further showed that onions with high dry matter content tend to low yield than those with low dry matter content and the latter exhibit rapid bulbing that contradicts the high dry matter content found in 'Melkam' variety while having high yield. The range of dry matter content of the varieties is similar to previous studies done in Ethiopia, which stated that dry matter content in bulb onion varies in according to cultivars. It varied from low level of 7 to 10% to high level of 15 to 20% and average 11 to 15% (Lemma and Shimeles, 2003) . The authors further explained that the lower levels are usually rapidly bulbing, becoming soft texture and usually with low keeping qualities. The higher levels of dry matter in onion found in selected cultivars are important for dehydration.
Total soluble sugars content (TSS)
Effect of intra-row spacing and interaction did not show statistically significant difference on TSS content of onion while varieties had significant (p<0.0001) effect on total soluble sugar (TSS) content of onion bulb.
In this experiment, 'Nasik' Red gave significantly the maximum TSS content (17.6 °Brix), followed by Adama' Red and 'Melkam' varieties ( Figure 3) . However, there was no significant difference between the latter two varieties. 'Bombay' Red showed significantly the minimum TSS content (15.3 o Brix) (Figure 3 ). High total soluble solids (TSS) have been proved to be associated with long storage life (AVRDC, 2000) . Cultivars with high bulb yields may have lower total soluble solids content as compared to the cultivars with lowest yields. This observation is also in line with the report of EARO (2004) which described 'Bombay' Red variety with low TSS in °Brix than the other varieties of onion released and being cultivated in Ethiopia. Varieties used for storage have high and intense, pungent flavour and are desirable characteristics for cooking or for industrial processing (Mallor et al., 2011) . Hosmani et al. (2010) suggested that there could be less influence of environments for these traits. Rajcumar (1997) also reported that a total soluble solid variation of about 4.0 to 16.3% could exist among different cultivars of onion. The author further explained his findings that cultivars with high bulb yields have lower total soluble solids content as compared to the cultivars with lowest yields and a negative correlation (r=-0.85) between bulb yield and soluble solids content was found, suggestive of a strong association between these two characters. Mallor et al. (2011) also reported significant negative correlation between bulb weight and soluble solids content. They elaborated that these results indicate a trend in larger onions which contain lower rates of both organo-sulfur derivatives and carbohydrates; therefore, suggesting that bulb size increase was because of higher water content. Cultivars with high bulb yields have lower total soluble solids content as compared to the cultivars with lowest yields (AVRDC, 1990 (AVRDC, , 2008 .
Summary and conclusion
Onion is one of the popular and the most cultivated vegetables in Ethiopia in general and in Tigray region in particular. Farmers in the study area produce onion as a cash crop using non-uniform plant spacing based on the existing indigenous knowledge.
The study was conducted to investigate best plant spacing for highest yield and better quality of onion varieties and to recommend best variety adaptable to the specific area and best plant spacing that give best yield and bulb quality. Results of the study show that main effects of intra-row spacing, varieties as well as their interactions had considerable influence on different parameters. The highest total bulb yield (36.14 t/ha) was recorded at intrarow spacing of 5 and by 7.5 cm (33.82 t/ha).
Highest total bulb yield (35.2 t/ha) was also recorded on 'Melkam' variety, while the lowest yield (29.86 t/ha) was recorded on 'Adama' Red variety. Intra-row spacings of 5 and 7.5 cm also had higher marketable yield than 10 cm. As intra-row spacing increased from 5 to 10 cm average bulb weight in grams increased from 49.86 to 81.31 g.
The highest average bulb weight (75.77 g) was recorded on 'Melkam' variety followed by 'Bombay' Red (67.29), while the lowest average bulb weight (61.03 gm) was recorded by 'Adama' Red variety. The highest unmarketable yield was produced, at the combination of 5 cm intra-row spacing and 'Adama' Red variety (2.67 ton/ha). The highest percentage of small size bulbs (23.76 and 15.45%) was produced by the treatment combination of 'Adama' Red at 5 cm spacing and 'Bombay' Red at 5 cm spacing, respectively.
While the minimum percentage of small size bulbs (4.4 and 6.9) was found in the combination of 'Melkam' at 10 cm and 'Adama' Red at 10 cm spacing, respectively. The highest percentage of large size bulbs (20.71) was recorded in 'Melkam' variety, while the lowest percentage of large bulbs (11.1) was obtained in 'Nasik' Red variety. The finding suggested that it is better to use intra-row spacing greater than 5 cm to minimize more small bulbs as this is not mostly preferred for market.
Besides, the ultimate goal of onion production is profitability through yield enhancement; the result revealed that 'Melkam' and 'Bombay' Red varieties appeared to be superior for yield and earliness at the study area although it needs repeated research for complete recommendation.
The highest percentage of bulb dry matter content (13.47) was recorded on 'Nasik' Red variety, while the lowest percentage (10.6) was recorded on 'Bombay' Red variety. The highest TSS in °Brix, was found at the late matured varieties 'Nasik' Red (17.57), while the lowest TSS in °Brix was found at the early verities 'Bombay' Red (15.29) followed by 'Melkam ' (16.54) .
Hence, for fresh consumption, the milder ones with lesser TSS in °Brix value are better for use since they Kahsay et al. 621 have better yield and adaptability advantages at the dryland condition of Tigray in general and Aksum area in particular.
